Liver biopsies from 88 patients with different liver diseases were studied for ß-hexosaminidase activity. Liver specimens with normal light microscopical morphology showed no immunohistochemical reactivity for ß-hexosaminidase. Increased reactions were noted, mainly in hepatocytes, in biopsies from the patients with different liver diseases. A very large interindividual Variation of biochemical liver ß-hexosamindase activity occurred even within the same diagnostic group, and no group of patients showed any significant increase of liver ß-hexosaminidase activity compared with the patients with normal liver histology. Livers with positive immunohistochemistry showed increased biochemical values for ß-hexosaminidase. In patients with cholestasis due to alcohol abuse, the immunohistochemical reaetion was intense and the biochemical ß-hexosaminidase activity was significantly increased compared with non-alcöholic cholestatic cases. Furthermore, blood samples were taken from 50 patients at the same time äs the liver biopsies. These patients showed significantly increased serum ß-hexosaminidase activity compared with normal coiitrols, but no correlation was found between ß-hexosaminidase activities in the liver and serum of these patients.
Introduction
ß-hexosaminidase in hepatocytes and to some extent in T . ,. ,. , -, Kupffer cells in various types of liver disease (6) . Lysosomal storage diseases are diagnosed by absence or low activity of a specific enzyme in plasma and/or in All lysosomal enzymes are initially synthesized in the tissue (1) . Otherwise, determination of lysosomal eil-rough endoplasmic reticulum äs precursor polypeptides zymes is rarely used for clinical purposes. From earlier o f high molecular mass. Via specific (mannose-6-phosstudies in humans and rats we küow that the lysosomal phate) receptors, most of these precursors are transenzyme, ß-hexosaminidase, 1 ) is increased in serum äs ported to the lysosomes, where they are subsequently well äs in liver and spieen tissue in cholestasis and cir-dephosphorylated and proteolytically processed to genrhosis (2) (3) (4) (5) . In long Standing experimental cholestasis, erate lysosomally localized mature forms (7, 8) . Genlysosomal enzymes are also increased in lungs, due to a erally, a small fraction (5-20%) of the newly syntheheavy accumulation of macrophages rieh in lysosomes s i ze d precursors is secreted (7) . The lysosomal enzymes in alveoli and in pulmonary veins (4) . In a retrospective f QU nd in serum are üi their precursor form (9) . If lysoimmunohistochemical study on paraffm-embedded hu-soma l mature forms enter the circulation, e. g. because man liver biopsies, we showed an increased content of O f cell damage or experimental infusion, they are rapidly cleared via speeific receptors which recognize mannose/ N-acetylglucosamine, and which are located mainly on ß-Sminidase (ß-N-acetyl-D-glucosaminide N-acetylglucos-macrophages and non-parenchymal liver cells (10, 11) . aminohydrolase, EC 3.2.1.30) Thus, the increased serum ß-hexosaminidase activity in liver disease is probably derived from the increased synthesis or decreased elimination of precursor forms from the serum.
The aim of the present study was to obtain more Information about ß-hexosaminidase activities in liver tissue and serum and their interrelations in liver disease. We therefore performed a prospective study on fresh liver biopsy specimens from patients with different liver diseases, and compared the immunohistochemical and bio^· chemical fmdings. Furthermore, in some patients, we analysed ß-hexosaminidase activity in both the liver biopsy and in the serum, sampled at the same time. In the diagnostic groups of broad disease processes (cirrhosis, steatosis and cholestasis) some specimens from the other diagnostic groups were included; the cirrhotic group included 2 specimens with alcoholic hepatitis, 4 with chronic active hepatitis and 4 with primary biliary cirrhosis; in the group of steatosis 5 specimens were from patients with alcoholic hepatitis; in the group with chol estasis 3 specimens were from patients with alcoholic hepatitis and 2 specimens were from patients with cholestatic acute hepatitis. The diagnoses were based on clinical and biopsy findings. Common histological criteria were used for diagnosis (12) .
Materials and Methods

Material
Liver biopsy was performed with the Menghini technique using a 1.6 mm needle (13) . Part (2-3 mm) of the innermost of the 2-5 cm long liver specimen was immediately frozen for biochemistry. The rest was fixed in 0.1 mol/1 phosphate-buffered 4% formaldehyde, pH 7.0, embedded in paraffm, serially sectioned and stained with haematoxylin-erythrosin, MacManus after diastase, van Gieson, Fouchet^ reticulin according to Gordon Sweet and Perfs iron stain.
Biochemical analysis
Blood samples were taken from 50 patients at the same time äs the liver biopsies. The biochemical determination of ß-hexosaminidase in serum and liver tissue has been described (3, 14) . The fraction of the isoenzyme ß-hexosaminidase B was determined using enzyme immunoassay methods äs earlier described (14) . Serum samples from 50 apparently healthy individuals aged 18-81 years (30 males and 20 females) were used äs a reference group.
Immunohistochemical methods
For immunohistochemistry, sections from each biopsy were prepared on slides precoated with human albumin. ß-Hexosaminidase was localized by the avidin-biotin-peroxidase (15, 16) and alkaline phosphatase anti-alkaline phosphatase (17) methods. Monoclonal· antibody 2E3 reacting with ß-hexosaminidase A and B and monoclonal antibody 7E4 specific for ß-hexosaminidase A were appropriately düuted (6, 18, 19) . Negative and positive controls were prepared äs described (6, 19 
Results
Liver specimens histologically judged äs normal (n = 11) showed no ß-hexosaminidase immuiioreaetivity. Ten of these biopsies were performed because the liver enzymes were increased in the serum (high alkaline phosphatase, -glutamyltransferase and/or alanine aminotransferase). One biopsy was performed because of recurrent pancreatitis and suspected alcoholic liver disease.
Among the 80 diseased liver specimens, 46 showed a positive immunohistochemical ß-hexosaminidase reaction. Granulär ß-hexosaminidase activity was found in the pericanalicular region of hepatöcytes, but not in swollen and necrotic hepatöcytes, which showed a more diffuse cytoplasmic reaction ( fig. l a) . A reaction was also seen in macrophages in inflammatory Infiltrates ( fig. Ib) , and occasionally in the bile düct epithelium and in some cells lining the sinusoids. The reaction was similar but generally weaker with 7E4 than with 2E3 antibody. Liver biopsies with negative ß-hexosaminidase reaction in liver parenchymal cells always showed negative reactions in inflammatory cells.
Liver ß-hexosaminidase activity was increased, although not significantly, in several groups of patients (tab. 1). The highest activity was observed in patients with cholestasis. Large inter-individual väriations of liver ß-hexosaminidase activity were noted within the same diagnostic group (see ränge, tab. 1), which is why the mean increase did not attain Statistical significance. The isoenzyme pattern of ß-hexosaminidase was similar in all the different groups. ß-Hexosaminidase B constituted äbout 35-40% of the total activity.
Livers with negative immunohistochemistry had biochemical ß-hexosammidase values of 37.3 ± 12.5 U/g protein (mean ± SD, n = 45), whereas livers with positive immunohistochemistry had values of 53.1 ± 26.8 U/g protein (mean ± SD, n = 46, f> < 0.05).
Thirteen liver biopsy specimens exhibiting cholestasis were from patients with acute hepatitis, alcoholic hepatit is or extrahepatic cholestasis, The immunohistochemical reaction was given by liver cells and by Kupffer cells next to bile pigment in acinar zone 3 (around the central veins). Although the nümber of patients was small and cholestasis was not the only histological abnorrnality, retention of bile in liver tissue seemed to be associated with an increased reaction for stainable ß-hexosaminidase in hepatocytes, äs well äs an inerease of biochemical ß-hexosämüiidase activity in liver tissue. Jn five patients the cholestasis was caused by alcohol abuse. All these patients showed a positive ünmunohistochemical reaction and significantly (p < 0,05) raised liver ß^hexos-aininidase activity (101.9 ± 40.8), compared with the other eight patients with cholestasis (46.5 ± 14.7).
Blood sarnples were drawn froni 50 patients at the same time äs the liver biopsies (3-^7 patients from each diagnostic group shown in tab. 1). The biochemical liver activity of ß-hexosaminidase in these patients was 45.8 ± 24.3 U/g protein. They had significantly increased ß-hexosaminidase activity in serum (25.2 ±11.8 U/l; n = 50), compared with normal individuals (14.0 ± 4.2 U/l; n = 50) (p < 0.01). No significant correlation between ß-hexosaminidase activity in liver (U/g protein) and serum (U/l serum) in the patients with liver disease (n = 50) was found (Spearman's rank correlation coefficient r s = 0.22).
Discussion
The immunohistochemical fmdings substantiate our earlier findings both in experimental (3) and human studies (6) showing that hepatocytes and macrophages, including Kupffer cells are the ß-hexosaminidase positive elements.
The study indicates that there is a correlation between the amount of biochemical ß-hexosaminidase activity and the stainable ß-hexosaminidase in liver tissue. Disagreement in some cases might be due to to the different assay techniques (bio-and histochemical) or to sampling error when dividing small pieces of tissue. Liver ß-hexosaminidase activity was high, particularly in patients with cholestasis, äs found in earlier studies (2,6). There was a large inter-individual Variation within the groups and no group exhibited a significant inerease compared with patients with normal findings in their liver biopsies. We also determined the proportions of ß-hexosaminidase isoenzymes (ß-hexosaminidase A and B, 1. c. (14) ) in the liver biopsies. ß-Hexosaminidase B made up 35-40% of total activity, which is similar to the proportion found in sera from controls and also in sera from patients with liver disease and only moderately raised total serum ß-hexosaminidase activity (14) . There was no difference between the groups of patients.
When the endophagocytotic process is intense, there is an inerease of lysosomes (1) . Similarly, in this study äs in our earlier reports (3, 6) , the autophagocytotic process in degenerating cells is combined with an inerease of ß-hexosaminidase-positive granules, probably lysosomes. Confer & Stenger (20) and Kanashima et al. (21) also found that degenerating hepatocytes initially respond by increasing the nümber of their lysosomes. The degenerative process by itself might therefore lead to increased lysosomal enzyme activity. Other causes for increased ß-hexosaminidase activity in liver tissue might be disturbed bile flow or activated macrophages äs discussed earlier (6).
We found significantly increased serum ß-hexosaminidase activity in patients with liver disease in agreement with earlier findings (2, 14) , and a non-significant inerease of liver ß-hexosaminidase activity. There was no correlation between serum and liver ßrhexosaminid- äse activity. One explanation for the lack of correlation might be that diseased liver cells (hepatocytes and activated macrophages/^wß^er cells) have an increased production of precursor forms of lysosomal enzymes (7, 8) and a preferential release of these forms into the circulation.
Increased liver lysosomal enzyme activity has been found biochemically in liver biopsies in human hepatitis, cholestasis and cirrhosis by several workers (22) (23) (24) (25) , whereas others have reported normal total enzyme values (22, (26) (27) (28) . All these studies have, however, included rather small numbers of liver biopsies. Our results, showing the large interindividual Variation of liver ß-hexosaminidase within the different diagnostic groups, may explain the conflicting results of other reports.
Patients with cholestasis and fatty liver caused by alcohol abuse showed significäntly higher liver ß-hexosaminidase activity than other patients with cholestasis. We reported earlier (29) that an incfease of serum activity is a sensitive marker for alcohol abuse. It is possible that the cholestatic process in the liver caused by alcohol can explain the high increase of serum ß-hexosaminidase in chronic alcoholism.
In conclusion, an immünohistochemical ß-hexosaminidase reaction is noted mainly in hepatocytes in liver biopsies firom patients with different liver diseases. There was no correlation between ß-hexosaminidase activity in liver and serum. One possible explanation for this finding might be that diseased liver cells produce greater quantities of lysosomal enzymes and release rnore of these into the circulation.
